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Abstract. Overall sound pressure levels of the driver’ right ear were tested and compared with the 
second and fourth order sound pressure levels. As shown from the result, the roar at 1400 rpm is 
mainly caused by the excessive noise which is from the second order. In order to verify this 
opinion, an anechoic box was located at the end of a special vehicle and the corresponding noise 
was then tested, which was compared with the previous results. It is indicated that the peak noise 
at 1400 rpm has been significantly improved after installing the anechoic box, which further shows 
that the roar at this position is mainly caused by sound deadening capacity of the exhaust system 
at low frequency. Then, the finite element method was applied to compute transmission loss of 
mufflers, which was compared with the experimental results. They are consistent with each other, 
and this shows that the numerical model for computing transmission loss is reliable and can be 
used for the subsequent analysis. Based on the original muffler, its structure was optimized by the 
improved genetic algorithm. The verified model was then adopted to compute transmission loss 
of the optimized mufflers, whose results were also compared with the original results. As shown 
from the results, transmission loss of the optimized structure has been significantly increased. In 
order to verify the actual effects of the optimization scheme, the samples were produced for the 
actual experiments, whose result was compared with the original value. The peak noises at both 
the driver’s right ear and the exhaust tailpipe have been significantly improved, indicating that the 
proposed optimization in the paper is real and effective. 
Keywords: anechoic box, muffler, sound elimination ability, transmission loss, improved 
structure. 
1. Introduction 
The increasingly serious emissions and noise pollution have been brought about from the rapid 
development of the vehicle industry, and mandatory standards related to the vehicle noise have 
been made in many countries. There were many noise sources in a vehicle, including cooling 
system noises, engine noises, body vibration noises, aerodynamic noises, and drive system noises. 
According to a lot of experiments, the noise of the vehicle was mainly affected by engine noises 
and exhaust noises. However, the engine noise was affected by many factors, whose optimization 
was very difficult. In contrast, the design of the low-noise muffler and the reduction of exhaust 
noises were an economic and effective method. 
Micro-perforated pipe mufflers based on sound absorption theory of the micro-perforated plate 
[1-3], was proposed for duct sound elimination. Due to its good acoustic performance [4], it has 
been widely used in various fields [5-10]. The performance of perforated pipe mufflers was 
studied and the optimization design was conducted by Lu based on the finite element method [11]. 
In consideration of coupling between the perforated pipe muffler and engines, Zhong has 
researched the optimization design method of the muffler [12]. By means of FEM (Finite Element 
Method), Ross [13] has simulated the acoustic system of perforated plates and calculated 
transmission loss of the simple perforation. His computational results presented a good 
consistency with the experimental result in low frequency but large deviations in med-high 
frequency. Ji [14] has proposed a multi-domain BEM to predict the noise elimination performance 
of the three-way perforated pipe muffler, whose numerical prediction results were consistent with 
1865. NOISE OPTIMIZATION DESIGN ON THE EXHAUST MUFFLER OF A SPECIAL VEHICLE BASED ON THE IMPROVED GENETIC ALGORITHM.  
XIAO-ZHENG XIE 
4626 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. DEC 2015, VOL. 17, ISSUE 8. ISSN 1392-8716  
the experimental result. By applying one-dimensional analytical method and three-dimensional 
sub-structure BEM, Ji [15] has predicted the sound elimination performance of the 
straight-through pipe muffler, indicating the effective frequency range of one-dimensional theory. 
Besides, the impact of the perforation rate and geometric parameters on the acoustic characteristics 
of perforated light mufflers was also studied by him. 
However, the perforated muffler studied was mainly targeted at mid-high frequency noise over 
100 Hz, while low frequency noises below 100 Hz was difficult to be eliminated. In order to 
eliminate noises less than 100 Hz, there are two ways. One way is to increase the volume of the 
exhaust system, and the other is to change the internal structure of the muffler and improve the 
sound deadening capacity at low frequency when muffler volume is the same. Due to the limited 
space of the vehicle chassis, the increase of the exhaust system volume is difficult to be 
implemented in practice. Therefore, the internal structure of exhaust system is changed to increase 
the low-frequency sound deadening capacity when the exhaust system volume is unchanged. 
2. Roar diagnosis of the exhaust system for a special vehicle  
Taking a special vehicle as an example, the subjective assessment was conducted. The 
experimental results showed that the significant roar was in the second gear acceleration and the 
rotational speed was around 1400 rpm. The vehicle was tested at the second gear and full throttle 
acceleration. As shown in Fig. 1, microphones were placed in right ears of the driver and copilot 
in front of the vehicle. As found from the result, the sound pressure levels (SPL) at the right ear 
of the driver have a significant peak value at 1400 rpm, while the right ear of the copilot does not. 
To solve this problem, the second and fourth order sound pressure curves at the driver were 
extracted, and the corresponding results were then compared with those of overall, as shown in 
Fig. 2. 
 
Fig. 1. Microphone positions for testing the interior noise  
 
Fig. 2. Sound pressure level curves of the driver’s right ear  
As can be seen from Fig. 2, the roar is at 1400 rpm and it is mainly caused by the second order. 
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The second order noise is mainly from the engine muffler [11]. Therefore, mufflers are necessary 
to be studied. In addition, the interior noise is also big at about 5500 rpm. However, the engine of 
the vehicle cannot achieve such a high speed under normal driving, which can be ignored. 
2.1. Experiments of the exhaust tailpipe noise 
To further verify the effect of the exhaust muffler on the interior noise, the interior contribution 
experiment was conducted at the semi-anechoic chamber for the exhaust tailpipe noise of a special 
vehicle. As shown in Fig. 3, the vehicle was fixed on the rotating hub. The right ear of the driver 
was placed a microphone, and another microphone was arranged at the 50 cm straightly away 
from the tailpipe and 45 degrees with the axis of the tailpipe. 
The experiment was conducted under the second gear and full throttle to collect data between 
1000 rpm-6000 rpm. Firstly, the experiment with the original state was conducted, and then the 
anechoic box was connected to the tailpipe for experiment again, while the microphone position 
at the tailpipe remained unchanged. 
 
Fig. 3. Field test of automobiles with rotating hub  
2.2. Analysis of the experimental data 
The data obtained by experiments was then processed, whose results were shown in Fig. 4. 
As shown in Fig. 4, the roar at 1400 rpm is effectively solved after connecting anechoic box 
to the tailpipe, indicating that such problem in the vehicle is indeed caused by the irrational 
structure of mufflers. Therefore, it is necessary to conduct optimization design for the muffler. If 
only by means of experiments, the design period of mufflers will be lengthened and its cost will 
be also increased. Therefore, three-dimensional FEM is attempted in the paper for the optimization 
design of the muffler. 
3. Basic theories 
3.1. Three-dimensional FEM 
Considering two media including air and sound absorption holes, the perforated pipe muffler 
is divided into two regions Ω௔ and Ω௕. And the boundary is split into the inlet, outlet, rigid wall 
and perforated wall, which are represented by ௜ܵ, ܵ௢, ܵ௪ and ܵ௣, respectively. In all regions, the 
three-dimensional sound propagation governing equation is Helmholtz equation, as follows. 
The following formula can be obtained in the region Ω௔: 
∇ଶ݌௔ + ݇௔ଶ݌௔ = 0. (1)
Similarly, the following formula can also be obtained in the region Ω௕: 
∇ଶ݌௕ + ݇௕ଶ݌௕ = 0, (2)
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wherein, ݌௔ , ݌௕ , ݇௔  and ݇௕  are sound pressures and wave number of air and sound absorption 
media, respectively. 
 
a) Overall SPL before and after connecting anechoic box 
 
b) The second order state before and after connecting anechoic box 
 
c) The fourth order state before and after connecting anechoic box 
Fig. 4. Noise comparisons before and after connecting anechoic box 
The boundary conditions of the sound field computation for mufflers are as follows. 
1) The outer surface of mufflers is a rigid wall, whose normal velocity is 0. Therefore, the 
following equation can be obtained: 
∂݌
∂݊ = −݆ߩ߱ݑ௡ = 0. (3)
2) The inlet of mufflers is defined as the particle velocity boundary condition, which is set 
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ݑ௡ = 1 here. Therefore, the following equation can be obtained: 
∂݌௔
∂݊ = −݆ߩ௢߱. (4)
3) The outlet of mufflers is set to be full absorption as follows: 
∂݌௔
∂݊ = −݆݇௢݌௔. (5)
4) By means of the acoustic impedance contact of the perforated performances, the vibration 
velocity ݑ௡ and pressure jumping Δ݌ of the normal particle at ܵ௣ଵ and ܵ௣ଶ of the perforated wall 
areas shown below: 
݌௣ଵ − ݌௣ଶ
ݑ௔݊௔ = ߩ௔ܿ௔ߦ௣. (6)
ߦ௣ is the perforated acoustic impedance, ݌௣ଵ and ݌௣ଶ are sound pressures at one side of air and 
sound-absorbing material in the perforated wall. 
The finite element equation is as follows: 
൜൤ሾܯ௔ሿ ሾ0ሿሾ0ሿ ሾܯ௕ሿ൨ − ൤
ሾܵ௔ሿ ሾ0ሿ
ሾ0ሿ ሾܵ௕ሿ൨ + ൤
ሾܦ௔ሿ ሾ0ሿ
ሾ0ሿ ሾ0ሿ൨ൠ ൜
ሾ݌௔ሿ
ሾ݌௕ሿൠ + ݆
݇௔
ߦ௣ ቈ
ൣܥ௣ଵଵ൧ −ൣܥ௣ଵଶ൧
−ൣܥ௣ଶଵ൧ ൣܥ௣ଶଶ൧
቉ ൜ሾ݌௔ሿሾ݌௕ሿൠ = ቄ
ሾܨ௔ሿ
0 ቅ, (7)
wherein: 
ሾܯ௔ሿ = න ሾ∇ܰሿ
ஐೌ
ሾ∇ܰሿ்ܸ݀, (8)
ሾܯ௕ሿ =
ߩ௔
ߩ௕ න ሾ∇ܰሿஐ್
ሾ∇ܰሿ்ܸ݀, (9)
ሾܵ௔ሿ = න ݇௔ଶ
ஐೌ
ሾܰሿሾܰሿ்ܸ݀, (10)
ሾܵ௕ሿ =
ߩ௔
ߩ௕ න ݇௕
ଶ
ஐ್
ሾܰሿሾܰሿ்ܸ݀, (11)
ሾܦ௔ሿ = න ݆݇௔ሾܰሿ
ௌ೚
ሾܰሿ்݀ܵ, (12)
ൣܥ௣ଵଵ൧ = ൣܥ௣ଵଶ൧ = න ሾܰሿ
ௌ೛భ
ሾܰሿ்݀ܵ, (13)
ൣܥ௣ଶଵ൧ = ൣܥ௣ଶଶ൧ = න ሾܰሿ
ௌ೛మ
ሾܰሿ்݀ܵ, (14)
ሾܨ௔ሿ = −݆߱ߩ௔ න ሾܰሿ
ௌ೔
݀ܵ, (15)
where ሾܰሿ is the column vector of the real function. 
The sound pressure at each node can be obtained by solving Eq. (7). As a result, transmission 
loss of the muffler can be computed. 
3.2. Transmission loss 
Transmission loss is defined as difference between the incident sound power levels at the inlet 
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and transmission sound power levels at the outlet, which can be expressed as follows: 
ܶܮ = 20lgଵ଴ ቊ൬ ଵܵܵଶ൰
ଵ ଶ⁄
ฬ݌ଵ + ߩ଴ܿ଴߭ଵ2݌ଶ ฬቋ,
(16)
wherein, ݌ଵ and ߭ଵ are sound pressure and particle velocity at the inlet, respectively. ݌ଶ is the 
sound pressure at the outlet. When the particle velocity and particle velocity ߭ଵ at the inlet are 
given, FEM can be applied to compute sound pressures ݌ଵ and ݌ଶ at the inlet and outlet. Then, 
transmission loss of the muffler can be obtained by substituting them into Eq. (16). 
4. Numerical computation and experimental verification of transmission loss 
4.1. Numerical computation of transmission loss 
As can be seen from Fig. 5, the muffler is a three-chamber structure and the intake pipe 
terminal is close. The airflow is ejected from the small hole, transmitted into the second chamber 
(which is filled with silencer foam) through the perforated plate, then goes into the first chamber 
through the perforated pipe again. According to the structure of the exhaust system, it was obtained 
that this muffler cannot reduce the noise at the low frequency, and the increase of the volume of 
the exhaust system is the most convenient and effective way to improve sound deadening capacity 
at the low frequency. However, the improvement of the exhaust system volume cannot be achieved 
due to the limited chassis space. Therefore, the increase of sound deadening capacity at the low 
frequency can only be realized by adjusting the internal structure of the exhaust system. 
 
Fig. 5. The internal structure of mufflers 
Fig. 6. FEM of muffler meshes 
 
Fig. 7. FEM perspective model of muffler meshes 
Firstly, the geometrical model of the muffler was imported into HYPERMESH. Then, 
geometry cleanup was conducted for the fillets and small holes of the muffler to improve the 
quality of the mesh and improve the computational accuracy. The muffler structure was divided 
into meshes by using tetrahedron elements, and the element size was 3 mm. The internal baffle 
plates were connected with the chambers by the co-nodes. The internal air was processed using 
the tetrahedron elements, and the air was connected with the muffler structure also by the  
co-nodes. For the middle chamber as shown in Fig. 5 in the paper, silencer foam was filled 
between the perforated pipe and the external structure of the muffler, and it could be also simulated 
by using the co-nodes. The final mesh model of the muffler was shown in Fig. 6, and it contained 
68958 elements and 78539 nodes. The muffler was made of steel. Its elastic modulus was  
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210 GPa. Density was 7800 kg/m3 and Poisson’s ratio was 0.3. The sound velocity in the internal 
air was 340 m/s, and the internal air density was 1.225 kg/m3. Fig. 7 showed the transparent 
version of the mesh model for the muffler, and it can be seen that the muffler had three chambers 
and two baffle plates.  
 
Fig. 8. The path of sound transmission in the muffler 
The path of noise propagation inside the muffler was shown in Fig. 8. This muffler had three 
chambers. The sound firstly went from Pipe 1 into the muffler. After that, part of the sound was 
transmitted to Pipe 2 and Chamber 2 through the small holes in Pipe1, and other sound was directly 
transmitted to Chamber 3 through the small holes at the end of Pipe1. Since Chamber 3 was closed, 
the sound will travel inside it and gradually be dissipated. Through the small holes in Pipe1 and 
Pipe 2, the sound will go into Chamber 2, and it will be quickly absorbed by silencer foam within 
this chamber. Part of the sound inside Pipe 2 will enter into Chamber 1 which was also a closed 
structure, and the sound will then travel within this chamber and gradually be dissipated. In 
addition, some of the sound from Pipe 2 will directly travel into the surrounding environment. The 
finite element model of the muffler was built based on the geometric structure, and the internal 
pipes and holes will be included in the finite element model. Therefore, the finite element model 
was then imported into the acoustic processing software Virtual.lab, and the material properties 
were set. Meanwhile, the mesh was preprocessed to get the surface envelope mesh of the muffler, 
which was used as the acoustics mesh. And the properties of the structural material and the air 
were then defined. The holes in the two pipes were simulated using admittance, in order to improve 
the computational efficiency and precision. Then, an excitation was applied to the inlet of Pipe 1 
in the finite element model, and two field points were set 50 mm away from the inlet and the outlet, 
respectively, as shown in Fig. 9. And then, the acoustic characteristics of the muffler were 
calculated, and the sound pressure contour for the muffler surface was extracted, as shown in 
Fig. 9. Moreover, the sound pressure level curves for two field points can be extracted, and the 
sound pressures in the inlet and the outlet were processed to obtain transmission loss of the  
muffler, as shown in Fig. 10. 
 
Fig. 9. The sound pressure contour of the muffler surface 
4.2. Experimental verification of transmission loss 
As can be seen from Fig. 7, it was known that the internal structure of mufflers was very 
complex. Therefore, it was necessary to verify transmission loss computed by FEM. 
There were two mufflers in front and rear of the vehicle as shown in Fig. 11, which were 
connected through straight pipe. Then, a speaker was set at one end as the sound source. In  
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addition, both the inlet and outlet studied in this paper were placed a sensor. Finally, MATLAB 
program was applied for processing sound pressures in the inlet and outlet. Finally, transmission 
loss of mufflers was obtained and compared with the computational result, as shown in Fig. 12. 
Fig. 10. Transmission loss curve of mufflers 
 
Fig. 11. Transmission loss experiment of mufflers 
 
Fig. 12. Comparisons between experimental and simulation for transmission loss 
As can be seen from Fig. 12, the experimental and simulation results of transmission loss are 
differed little, with the maximum difference no more than 5 dB. It is indicated that the 
computational model in this paper is reliable and can be used for the subsequent optimization 
analysis. 
Transmission loss of the muffler was relatively smooth in Fig. 12, and it was normal. There 
were indeed a lot of peaks and valley values in transmission loss for the general structures such as 
the dash panel, the cylinder head cover and other thin-wall parts. And the main reasons were as 
follows. On the one hand, their structural modals were dense. On the other hand, their structural 
vibration can excite radiation noises easily. For the muffler studied in the paper, however, the 
transmission loss curves were relatively smooth, and the corresponding reasons can be obtained 
from the following points. Firstly, the muffler had multiple resonant chambers, and when sound 
entered into the resonant chambers, it will lose most of its energy and can hardly go out. As a 
result, the vibration radiation noises caused by a lot of structural modals cannot be presented. 
Secondly, only low-frequency noises (below 500 Hz) were studied in this paper, and the quantity 
of modals for low frequencies was relatively small, so the corresponding transmission loss curves 
appeared smooth. Actually, transmission loss curves for mufflers in the published papers were 
also very smooth. For example, by adopting the modal meshing approach, Wu studied 
transmission loss of the cylindrical expansion-chamber muffler [16]. When the analyzed 
frequency was below 500 Hz, transmission loss curve was very smooth. Wu also found that the 
length/diameter ratio of the muffler’s expansion chamber affected the fluctuation level of 
transmission loss at mid-high frequency, but did not have significant influence on the shape of the 
low-frequency noises. Chiu conducted experimental and theoretical studies for transmission loss 
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of the multi-chamber muffler [17]. When the analyzed frequency was below 500 Hz, transmission 
loss curve was also very smooth. Based on the computation fluid dynamics, Middelberg analyzed 
transmission loss of the muffler with multiple expansion chambers [18], and compared the 
computational results with the experimental results. The curves for both the experimental results 
and the numerical results were very smooth. Therefore, transmission loss of the muffler in this 
paper was also reasonable, and the curves haven’t been processed by any instrument.  
5. The structural optimization design of mufflers 
As analyzed from the experimental data and transmission loss, the roar is mainly caused by 
the insufficient sound deadening capacity of the exhaust system at low frequency, and especially 
the second and fourth order radiation noises at tailpipe are higher. Based on the original mufflers, 
the structure was improved to solve the above problems. 
There were two improvements for mufflers. Firstly, the muffler structure was changed from 
three chambers to four chambers, and a low frequency resonator was designed by using the fourth 
chamber. The internal structure of the improved muffler was presented in Fig. 13, and 2, 3 and 4 
baffle plates were shown in Fig. 14. Three internal baffle plates were set from front to back inside 
the muffler, and the internal was divided into four chambers including 9, 10, 11 and 12, 
respectively from left to right. The front end of mufflers was provided with the inlet pipe 6, and 
the rear end was arranged the outlet pipe 7. The insert pipe 8 was fixed on baffle plate 2, 3 and 4 
by spot welding. The front end of the pipe was connected to the chamber 9, while the rear end was 
connected to the chamber 12. As a sealed chamber, the chamber 12 and the insert pipe 8 form a 
low frequency resonator chamber. 
 
Fig. 13. Internal structure of the improved muffler 
 
a) Baffle plate 2 and 3 
 
b) Baffle plate 4 
Fig. 14. Sectional view of the baffle plate 
Some parameters of the improved muffler cannot be the optimal. As a result, transmission loss 
of the improved muffler may be not the biggest, so the parameter of the improved muffler should 
be further optimized. 
Transmission loss was one of the important indexes for evaluating the performance of a 
muffler, and the requirement for light-weight should be also taken into account in the structural 
design. Therefore, in this paper, the maximization of average transmission loss and the 
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minimization of mass were regarded as the optimization objective of the muffler. The selected 
optimization variables were as follows: the radius ݎଵ of the inlet pipe, the radius ݎଶ of the middle 
pipe, the radius ݎଷ of the outlet pipe, the radius ݎସ  of the expansion chamber, the length ݈ଵ of 
Chamber 9, the length ݈ଶ  of Chamber 10, the length ݈ଷ  of Chamber 11, and the length ݈ସ  of 
Chamber 12. During the optimization process, it should be made sure that the overall external size 
of the muffler was not increased, or else the muffler could not be installed to the bottom of the 
vehicle. Therefore, avoiding the increase of the overall external size for the muffler was regarded 
as the constraint. The mathematical expression of the optimization was shown as follows: 
ܯ݅݊(ܹ), ܯܽݔ(ܶܮ) 
20 ≤ ݎଵ ≤ 30, 
10 ≤ ݎଶ ≤ 20, 
20 ≤ ݎଷ ≤ 30, 
30 ≤ ݎସ ≤ 98, 
20 ≤ ݈ଵ ≤ 100, 
20 ≤ ݈ଶ ≤ 100, 
20 ≤ ݈ଷ ≤ 100, 
20 ≤ ݈ସ ≤ 100, 
݈ଵ + ݈ଶ + ݈ଷ + ݈ସ ≤ 300.
(17)
In Eq. (17), ܹ is the total mass of the muffler. ܶܮ is the average transmission loss of the 
muffler. 
 
Fig. 15. The flow of the improved genetic algorithm 
Based on the above analysis, it can be concluded that the optimization of mufflers was a 
complex problem including multiple targets and multiple variables. And genetic algorithm has 
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been widely applied to solve multi-target optimization. Therefore, genetic algorithm was chosen 
for optimizing the structure of the muffler in this paper. According to a lot of published paper, the 
traditional genetic algorithm can easily obtain the locally optimal solution in the search process. 
That was to say, it will lead to premature convergence and quickly reach 90 % of the optimal 
solution. To avoid the locally optimal solution, it was necessary to expand the search space and 
increase the diversity of the population. 
The random trial method, also called Monte Carlo method, and it will use relatively less 
memory, and have good statistical properties. In the paper, while maintaining the crossover rate 
and mutation rate, the random trial method was adopted to prevent local convergence. In other 
words, when none change occurred to the optimal individuals in continuous ݊ generations, it 
showed that the algorithm has encountered local extremum, and some measures should be taken 
to solve this problem. When the above problem happened, random trial operations should be 
performed on the population, and a large disturbance should be applied to the evolving population, 
so that the algorithm can get rid of the locally optimal points and start a new search. The specific 
operations were as follows: to retain only the optimal values and to regenerate the rest of the 
individuals. The purpose of the random trial operations was to get rid of the slow evolution status 
as quickly as possible and start a new search, rather than to degenerate the population. The flow 
of the improved genetic algorithm that has included the random trial method was shown in Fig. 15. 
In the optimization process, the initial population was 50, the crossover rate was 0.95, and the 
mutation rate was 0.05. How the fitness value of the genetic algorithm changes with the number 
of the evolutionary generations has been shown in Fig. 16.  
 
Fig. 16. The fitness value change with the evolutionary generation 
  
Fig. 17. Comparisons of transmission loss before and after optimization 
According to Fig. 16, the objective function could have stable values after nearly 80 
generations. The structural parameters of the optimized muffler were shown in Table 1. According 
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to Table 1, the total mass of the muffler was decreased by 0.9 kg and the average transmission 
loss was increased by 3.2 dB, which presented an obvious optimization effect. Based on these 
parameters, the muffler was re-modeled, thus the four-chamber muffler structure in Fig. 13 in the 
paper was obtained. Then, the finite element method was used to compute transmission loss of the 
muffler, and the computational values were compared with those of the original structure, as 
shown in Fig. 17. 
 
a) Sound pressure levels under overall before and after optimization 
 
b) Sound pressure levels under the second-order before and after optimization 
 
c) Sound pressure levels under the fourth-order before and after optimization 
Fig. 18. Sound pressure level comparisons of driver’s right ear before and after optimization 
As can be seen from Fig. 17, transmission loss of the optimized muffler is dramatically 
increased at low frequency. To further verify the actual effect of the optimized muffler, the sample 
was produced. After subjective evaluation, the roar of the exhaust muffler was disappeared at 
1400rpm, and the vehicle experiment was also conducted in a semi-anechoic chamber, which was 
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compared with the original result. In Fig. 18, sound pressures of the driver’s right ear under the 
second gear and full-throttle acceleration were compared before and after optimization. In Fig. 19, 
sound pressures of the tailpipe positions under the second gear and full-throttle acceleration were 
also compared before and after optimization.  
As can be seen from Fig. 18, SPL (Sound Pressure Level) at the driver’s ear has been 
significantly improved around 1400 rpm, and the roar is disappeared. In addition, it is found from 
Fig. 19 that the radiation noise at the exhaust tailpipe position is reduced by 3 dB-7 dB at 
1000 rpm-2000 rpm, the second-order noise is decreased by 5 dB-12 dB at 1200 rpm-2350 rpm, 
and the fourth-order noise is reduced by 3 dB-7 dB at 1000 rpm-1500 rpm. It is indicated from 
these results that the optimized muffler in this paper is feasible. 
 
a) Sound pressure levels under overall before and after optimization 
 
b) Sound pressure levels under the second-order before and after optimization 
 
c) Sound pressure levels under the fourth-order before and after optimization 
Fig. 19. Sound pressure level comparisons of tailpipe positions before and after optimization 
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Table 1. Comparisons for all parameters before and after the optimization 
Variables Original Optimized 
Inlet pipe radius ݎଵ / mm 30 28 
Middle pipe radius ݎଶ / mm 20 13 
Outlet pipe radius ݎଷ / mm 30 27 
Expansion chamber radius ݎସ / mm 98 85 
Length of chamber 1 ݈ଵ / mm 75 50 
Length of chamber 2 ݈ଶ / mm 75 92 
Length of chamber 3 ݈ଷ / mm 75 41 
Length of chamber 4 ݈ସ / mm 75 85 
Total length ݈ / mm  300 268 
Total mass ܹ / kg 5.2 4.3 
Average transmission loss ܶܮ / dB 39.1 42.3 
6. Conclusions 
1) Overall SPL of the driver’ right ear is tested and compared with the second and fourth order 
SPL. As shown from the result, the roar at 1400 rpm is mainly caused by the excessive noise 
which is from the second order. 
2) The anechoic box is placed at the end of the vehicle tailpipe and the corresponding noise is 
then tested, which is compared with the previous results. It is indicated that after installing the 
anechoic box, the peak noise at 1400 rpm has been significantly improved, which further shows 
that the roar at this position is caused by sound deadening capacity of the exhaust system at low 
frequency. 
3) FEM is applied to compute transmission loss of mufflers, whose results are compared with 
the experimental result. They are consistent with each other, and this shows that the numerical 
model of transmission loss is reliable and can be used for the subsequent analysis. 
4) Based on the original muffler, its structure is improved, but the parameters of the improved 
muffler cannot be the optimal. As a result, the improved genetic algorithm is adopted to optimize 
the improved structure. The computational model is then adopted to compute transmission loss of 
mufflers, whose results are finally compared with the original results. As shown from the results, 
transmission loss of the optimized structure has been significantly increased. 
5) In order to verify the actual effects of the optimized structure, the samples are produced for 
the actual experiments, whose result is then compared with the original value. The peak noises at 
both the driver’s right ear and the exhaust tailpipe have been significantly improved, indicating 
that the proposed optimization in the paper is real and effective. 
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